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three major classes: alpha or 
fiFN-a) beta or fibroblast interferon (IFN-B) and ga 
(IFN-tt}. oeta interferons Have anti- 

or i-«ane interferon '^^^^ '"^^ , ^^^ent ability to 

Viral an. -^^-"^"///^t^j;; 7^^:^^^^^^ ana i»««- 

confer a -^"^-"•"""^""'^'^i; clin. exp. Unmunol. 54. 

nomodulatory activities CJ.L. Toy, Clxn. ^ 

1 ri9831). Their biological properties have lea 

cUni al u e'o, interferons as therapeutic agents for the 

treatment of viral infections and malignancies. 

interferons have been obtained from natural sources 

3.eh as .eu.ocyte« derive, ^j^^ 

blood, lympoblastoxd cells inducing 
^4K**AKiafiti cnltnres upon stimulation wi*." 

„.Bt.. cell, wliicli i„t.rtei:oQ. obt.in.4 fro. 

«... ..la, ...bod. .« r.=o.bln.nt 

distinct IFN-* genes have been la 
ding proteins are designated rlFN-oA. rlFN-oB. 
tIFN-!c and so forth. The amino acid sequences of 
Tl^-c^-I.. as well as the nucleotide seguences whxch 
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encode tHem are deecribed. e.g.- by Pestta in Archiv. Bio- 
ehem. Biophys. 22i. 1 ("a^J ^'^ British Patent Specifx- 

cation No. 2 079 291. 

Goeddel and coworkers achieved the initial expression 
ot rlPH-oA in B. coli cells transformed with the reconbi- 
nant plas«id pL 31 (Nature. 222. 411-416 C19801). ShlB 
plasmid contains the structural gene for nature rlFN-oA 
(i.e.. a gene in which the nucleotide seguence encoding a 
23laiiino acid signal peptide normally translated in the 
ixaman cell has been removed and an ATG -start- signal has 
been inserted immediately before the codon for the first 
amino acid following the signal peptide) under the control 
Of an appropriately positioned promoter-operator seguence. 
The rIPN-a interferons are 16S amino acids (in the case 
of rIPN-oA) or 166 amino acids in length, except that 
they may. in some instances contain an additional methio- 
nine attached to the N-terminua of the ordinarily first 
amino acid of the protein as the result of translation of 
the MG start signal which encodes methionine. 

Hybrid leukocyte interferons have been produced by 
expression of genes which are produced by cleaving two or 
more IPN-a genes at internal endonuclease cleavage sites 
and then ligating one or mote fragments of one gene with 
one or more fragments of a different gene (or genes) to 
produce a new gene encoding a complete 165- or 166-amino 
acid IPN-a with specific segments corresponding to por- 
tions of different IPN-a species. In this manner, for 
example, it has been possible to produce a leukocyte inter- 
feron in which the amino acid sequence corresponds to amino 
acids 1-91 of rlPH-oA followed by amino acids 92-166 of 
rlPN-«D. Similarly, it has been possible to produce a 
hybrid IPN-a in which the amino acid sequence corresponds 
to amino acids 1-92 of rlPN-OD followed by amino acids 
93-165 of rlPN-OA (J. Biol. Chem. ISZ- 11497-11502 
[1982]) . 
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acid .««=«». «Xl a»cl.o.iae s«u.n=. codla, 

acxu --^-i ai in Nucleic Acids 

therefor are described by Goeddel et al. ia Nuc 

Research 8 . 4057 (1980) . 

The cloning and expression of mature rIFN-Y. its 

amino acid structure and the ^^^^f ^^n'™ S03 
therefor are described by Gray et al. in Nature 295. 

(1982) . 

B.«.v.r. allexlc v.rl.ti.a. of t« .p.ci«i= .«i»o .eld 
..,«nc.. o. «« .bov.-clt.d interferon. «" '"••^^J^:::,. 
,„,v, already been deecrlMd. For example. 
»„. deeorlWd the expression ot en rIFH-« gene (denoted 
" ri™-a,) Which yielded a polypeptide tl» — 
for« differing £r.. riy»-.a. by a .ln,l. eilho add at 
:o.i:ion l» CWetnre ^. ---"-/rril « 

rcHire'd rXe::rd!„.rU .o. 

riFM-Oji wux*. T , at noflition 23 has been 

rlFN-oA by a single amino acid at positxon 
described in European Patent Application No. 32 134. 
published July 15. 1981. 

A problem which has occurred in the manufacture and use 
Of interferons is that^the ^^^J;:^^ 
r n:: beueved th. the 

„sthods used to purify interferons for ^^^^^''-^^^^J^^/^^!*^ 
as high pressure liquid chromatography or "O'^o^^^'^*^ 
hody Iff inity Chromatography may contribute to the forma 
til Of dimers. trimers and higher .oligomers of i»t«fero- 
These oligomeric forms which have been observed Pa^^xcular 
! * leukocyte and fibroblast interferons 

IV with respect to leUKOCyte «u ^ Irra. 

Interferon molecules becoming irre- 

. ::::rhir::.:ria::dTi:hr.'::other thron,h mter-oiecmer 

• „„_v, disulfide linkages, 

covalent bondings, such as aisuxiia 
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mille the dimeric forms of interferons are believed to 
retain biological activity, the higher oligomeric forms in 
Biany cases have either no biological activity or signifi- 
cantly reduced activity by comparison to the monomeric 
forms. Moreover, the oligomeric forms have the potential 
for causing deleterious side effects if used therapeuti- 
cally. 

All of the Icnown rlFN-os. rIFN-fl and rIFN-Y contain 
several cysteine residues the sulfhydryl side-chains of 
which are capable of forming intramolecular and intermolcu- 
lar disulfide bonds, which latter result in oligomer iza- 
tion. The amino acid sequence of rlFN-oA contains 
cysteine residues at positions 1. 29. 98 and 138. Hetzel 
assigned intramolecular disulfide bonds between the 
cysteine residues at positions 1 and 98 and between the 
cysteine residues at positions 29 and 138 (Nature 289. 606 
[1981]). 

Heretofore, efforts to overcome the oligomerization 
problem have concentrated on adjusting the purification 
conditions in order to prevent the formation of oligomers 
or on post-processing reaction conditions whereby inter- 
molecular disulfide bonds are reduced. 

The present invention in a first broad aspect relates 
to novel polypeptides having interferon activity comprising 
an amino acid sequence corresponding to the amino acid 
sequence of an interferon selected from a rIFN-a. a 
hybrid rIFN-a. rIFM-B and rIFN-Y wherein, however, at 
least one cysteine residue has been replaced by another 
amino acid residue, i.e. an amino acid residue which is 
incapable of forming an intermolecular disulfide bond. 

In a preferred embodiment of this broad aspect, the 
invention relates to a polypeptide with the amino acid 
sequence of rIFN-ctA in which, however, at least one of 
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the cysteine residues at positions 1 and 98 has been repla- 
ced by another amino acid residue which is incapable of 
forming an intermolecnlar disulfide bond. 

The invention also relates to pharmaceutical composi- 
tions with antiviral activity containing the novel polypep- 
tides and Which are essentially free of oligomers other 
than dimers and. preferably, contain only a stable monome- 
ric interferon. 

in a second broad aspect, this invention relates to 
methods and intermediates for producing the novel polypep- 
tides described above by recombinant DNA technology. In 
particular, this aspect relates to a method of producing a 
double stranded DNA (dsDNA) encoding the novel polypeptides 
by using restriction enzymes to excise a portion of the 
dsDMA comprising the codon for the undesired cysteine resi- 
due from the parental interferon gene and replacing it with 
a synthetic oligodeoxynucleotide segment wherein the nuc- 
leotide triplet coding for cysteine has been replaced, by a . 
nucleotide triplet coding for another amino acid residue 
which is incapable of forming an intermolecular disulfide 

bond. 

Accordingly, this second broad aspect of the Invention 
encompasses dsDNA sequences coding for the novel polypepti- 
des, repllcable plasmldlc expression vehicles containing 
these dsDNA sequences, microorganisms transformed with 
these repllcable plasmldlc expression vehicles and a method 
of preparing these dsDMA sequences. 

Preferred polypeptides of the Invention are those ob- 
tained by substitution of cysteine residues In rIFN-as 
and hybrid rIFN-as. All rlFN-as and corresponding 
hybrid rIFN-as contain a cysteine residue at the N-termi- 
nus. I.e. at position 1. Additionally. rlFN-oA contains 
cysteine residues at positions 29. 98 and 138. rlFN-oB at 
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positions 29, 100 and 139: rIFN-aC, 6, H« I, J. K and 
L at: positions 29, 99 and 139; and rlFN-oD at positions 
29. 86, 99 and 139. It has to be noted tliat Pestka« in 
Archiir. Bioctiem. Biophys. 221 . 1 (1983), Fig. 17, shows 
5 cysteine residues at positions 99 and 139 of rlFN-oA 

rather than at positions 98 and 138. This is because the 
sequence representation has been shifted one position 
following position 43 to align it vith the other rIFN-a 
species which contain one more amino acid residue than 
XO rlFN-oA. All amino acid positions recited herein refer to 
sequentially numbered amino acids and do not account for 
such shifts. 

It is understood that the polypeptides of the invention 
X5 have amino acid sequences corresponding to amino acid 

sequences. of known rIFNs wherein, however, at least one 
cysteine residue has been replaced by another amino acid 
residue which iiB incapable of forming intermolecular disul- 
fide bonds « The cysteine residues which are replaced are 
2o those which are not required to maintain interferon acti- 
vity of the molecule. As used herein the term "interferon 
activity" refers to antiviral and antigrowth activity 
characteristic of the interferons. The characteristic anti- 
viral activity of rIFN can be determined using the cytopa- 
25 thic effect inhibition test described by Familletti et al. 
in Methods in Enzymology 78 . 387 (1981) • The characteristic 
antigrowth activity of rIFN can be determined using the 
procedure described by Evinger, M. & Pestka, S., Methods in 
Enzymology 29. 45 (1981). 

30 

Since the intramolecular disulfide bridge between the 
cysteine residues at positions 29 and 138 of rlPN-oA is 
believed to be required for interferon activity, these 
residues have not to be replaced. Similarly, the cysteine 
35 residues at positions 29 and 139 of rXPN-oB through L 

(and allelic variations thereof) should not be replaced. 
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It has been shown by snepard et al. (Nature 294. 563- 
565 [19811) that substitution of the cysteine at position 
141 of rIFN-fi results in a loss of biological activity. 
Accordingly, this cysteine residue is not to be replaced. 

in accordance with the present invention the cysteine 
residue at position l of rlFN-oA has been replaced as 
well as both cysteine residues at positions 1 and 98 of 
rlFN-oA. without any concomitant loss of interferon acti- 
vity. Analogously, the cysteine residue(s) at position 1 
and/or position 99 (in the case of rIFN-aC through L) and 
position 1 and/or 100 (in the case of rlPN-oB) can be 
replaced. In the case of a hybrid rlPN-a. cysteine resi- 
dues corresponding to these positions, depending upon the 
parental rIFN and the segment used, may be replaced. In the 
case of rlFN-oD or a hybrid rIFN-a containing an amino 
acid sequence of rIPH-otD comprising the cystein residue 
at position 87 this cystein residue may also be replaced. 

The amino acid residues which replace the cysteine 
residues of the parental interferons In the polypeptides of 
the invention can be any amino acid residue which Is Inca- 
pable of participating In the formation of an Intermolecu- 
lar disulfide bond. In the case of the H-terminal cysteine 
residue. I.e. the residue at position 1. this Is preferably 
replaced with glycine. In the case of internal cysteine 
residues, e.g. the residue at position 98 of rlFN-oA. 
these are preferably replaced with serine, since the serine 
side chain most closely resembles the spatial arrangement 
of the cysteine side chain. Thus, substitution with serine 
presents the least possibility for disrupting the conforms- 
tion of the molecule. 

While rIFN-as. hybrid rIFM-as. and rIFN-T possess 
a cysteine residue at position 1. the interferon activity 
is retained even if this cysteine residue is deleted. Novel 
polypeptides of this type can be prepared using recombinant 
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DNA methodology by wtiicii the portion of the parental inter- 
feron gene which encodes the M-terminus is replaced by a 
synthetic oligodeozynucleotide sequence wherein the codon 
for the first cystein residue is missing in a manner, as 
described in Example 1 hereinafter. In this case the AT6 
translation initiation signal would immeditely be followed 
by the nucleotide triplet encoding the amino acid residue 
at position 2 of the parental interferon. The resultant 
dsDMA can be incorporated into an expression vehicle which 
can be used to transform a microorganism. The transformant 
microorganism can then be grown up and under suitable reac- 
tion conditions will express the novel polypeptide having 
interferon activity the amino acid sequence of which is 
that of a desCCys D-rlFN-a. a hybrid desCCys l)-rIFM-a 
or desCCys D-rlFN-y. 

In a preferred embodiment of the invention, a gene 
encoding rlFN-oA has been modified in a manner described 
in detail hereinafter and has been expressed to yield a 
rlFN-oA in which one or both cysteine residues at posi- 
tions 1 and 98 have been replaced by amino acid residues 
which are incapable of forming intermolecular disulfide 
bonds. Accordingly, a preferred eoOiodiment of the present 
invention is a polypeptide of the formula 

ASP LEU PRO 6LN THR HIS SER LEU 6LT SER AR6 ARC 
TBBL LEU MET LEU LEU ALA 6LN MET AR6 LTS ILE SER 
LEU PHE SER CYS LEU LYS ASP AR6 HIS ASP PHE GLY 
PHE PRO GLN 6LU 6LU PHE GLY ASN GLN PHE GLN LYS 
ALA GLU THR ILE PRO VAL LEU HIS GLU MET ILE GLN 
GLN ILE PHE ASN LEU PHE SER THR LYS ASP SER SER 
ALA ALA TRP ASP GLU THR LEU LEU ASP LYS PHE TYR 
THR GLU LEU TYR GLN GLN LEU ASN ASP LEU GLU ALA — 
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— VM. ILK GLM GLY VAL GLY VAL THR GLU THR PRO 
LEU MET LYS GLO ASP SEH ILE LEO ALA VAL ARG LYS 
TYR PHB GLN ARG II.E THE LEU TYR LEO LYS GLU LYS 
LYS TYR SBR PRO CYS ALA TRP GLO VAL VAL ARG ALA 
GLO ILE MET ARG SER PHB SER LEO SER THR ASN LEU 
GLN GLO SBR LEU ARG SEE LYS GLO 

Wherein R^ and are amino acid residues with the 
proviso at least one of R^ and R^ is an amino acid 
residue which is incapable of participating in the forma- 
tion of an intermolecular disulfide bond. 

Initially, the gene for rIPN-oA has been modified by 
excision of a portion of the gene encoding the N-terminus 
of the polypeptide including the nucleotide triplet enco- 
ding cysteine at position 1 and replacement with a synthe- 
tic oligodeoxynucleotide coding for glycine at position 1. 
The section of the gene containing the nucleotide triplet 
for the cysteine at position 98 remained unchanged. The. 
modified gene in a plasmidic expression vehicle, was 
expressed in E. coli to produce a polypeptide the amino 
acid sequence of which corresponded to the amino acid 
sequence of riFN-oA except that it contained a glycine at 
position 1 instead of cystein. The modified polypeptide is 
referred to hereinafter as rlPM-oA (Gly 1). After extrac- 
tion from the cells and purification on a monoclonal anti- 
body iamunoaffinity chromatography column, the interferon 
thus obtained was subjected to electrophoresis on sodium 
dodecylsulfate polyacrylamide gel (SDS-PAQE) . The inter- 
feron separated into a major band, corresponding to mono- 
meric material, and a minor band, corresponding to dimeric 
material. A rlFN-oA expressed from the unmodified 
rlFN-oA gene was electrophoresed on the same gel and 
separated into several bands, corresponding to the monomer 
the dimer and oligomers of higher aggregation, i.e. a tri- 
mer. tetramer. etc. 
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Tbe product: containing a major proportion (more tlian 
half) of monomer ic rIPN-aA.(61y 1} and a minor proportion 
of dimeric rIFN-aA(Gly 1} displayed tlie full antiviral 
activity characteristics of rlFN-cA on HDBK cells. 

5 

The gene containing the synthetic oligodeozynucleotide 
segment encoding glycine at position l was then further 
modified by excision of a segment of the gene including the 
codon for cysteine at position 98 and replacement with an 

XO analogous synthetic oligodeoxynucleotide sequence coding 

for serine at position 98. This modified gene was expressed 
in E. coli to produce a polypeptide the amino acid sequence 
of vhich corresponded to the amino acid sequence of 
rlFM-oA. except that it contained glycine at position 1 

X5 and serine at position 98. The modified polifpeptide is 

referred to hereinafter as rIFN-aA(61y 1. Ser 98). After 
extraction from cells and purification by a monoclonal 
antibody immunoaf f inity chromatography column, the inter- 
feron thus obtained was subjected to SDS-PAGB. The inter- 

2o feron migrated as a single band, indicating the presence of 
essentially only monomer ic material. 

The product consisting essentially of monomeric 
rIFN-aA(61y 1, Ser 98) displayed antiviral activity which 
25 was about the same as that of rIFN->aA on MDBK cells. 

In a preferred embodiment of this invention, the micro* 
organisms useful as recipients in the transformation proce- 
dures and unless otherwise noted, are B. coli K-12 strain 
3Q 294 as described in British Patent Publication No. 205S382A 
(ATCC Accession Ho. 31446, deposited October 28, 1978) as 
well as E. coli MA21d or RRl (ATCC Accession No. 31343). 
However other microbial strains many of which are publicly 

available or are deposited and available from recognized 
35 microorganism depository institutions, such as the American 
Type Culture Collection (ATCC) can also be used in accor- 
dance with the teaching of the present application. 



' 0128^67 

- 11 - 

All recombinant DMA work herein was performed in 
compliance with applicable guidelines of the National 
Institutes of Health. 

The novel polypeptides of the invention can be used for 
the same purposes as the known interferons in the form of 
pharmaceutical compositions, e.g. as antiviral and antitu- 
mor agents and in the treatment of immnnosupressive condi- 
tions. Dosages and dose rates may parallel those currently 
being used in clinical applications of the known inter- 
ferons, typically about 1-200 x io« units daily. 
polypeptides can be conveniently administered in parenteral 
dosage form. Suitable dosage forms can be prepared using 
known formulation methods to prepare pharmaceutically use- 
ful compositions wherein the polypeptide is admixed with a 
pharmaceutically acceptable carrier vehicle. A suitable 
dosage form will comprise an effective amount of the poly- 
peptide together with a pharmaceutically acceptable carrier 
vehicle depending upon the particular patient, the mode of 
administration and the condition to be treated. 

pggrBTPTION OF THE DBAWINGS 

Fig. 1 is a representation of the amino acid sequence 
of rlFN-oA and a nucleotide sequence coding for rlFN-oA. 

Fig. 2 is a schematic represention of the process used 
to produce a dsDNA coding for rIFN-aA(Gly 1). 

Fig. 3 is a schematic representation of the process 
used to produce a dsDNA coding for rlFN-oACGly 1. Ser 98). 

Pig. 4 is a schematic representation of the process 
used to produce a replicable plasmidic expression vehicle 
for the expression of rIFN-ttA(Gly 1). 
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Fig. 5 is a schematic representation of the process 
used to produce a replicable plasmidic expression vehicle 
for the expression of rIPM-aA(Gly 1. Ser 98). 

Jlsterislcs In the figures indicate nucleotide substitu- 
tions replacing the nucleotide triplets encoding cysteine. 

In the preferred eatbodiment of the present invention* 
the gene sequence encoding rlFN-oA is modified. The 
double stranded DMA sequence which is the basis for the 
expression of the modified rlFN-oA consists of a coding 
strand and a complementary strand, herein the coding 
strand, reading from the 5 '-end comprises the sequence 



X GAT CTG CCT CAA ACC CAC AGC CTG GGT AGC AGG AGG 



ACC 


TTG 


ATG 


CTC 


CTG 


GCA 


CAG 


ATG 


AGG 


AAA 


ATC 


TCT 


CTT 


TTC 


TCC 


TGC 


TTG 


AAG 


GAC 


AGA 


CAT 


GAC 


TTT 


GGA 


TTT 


CCC 


CAG 


GAG 


GAG 


TTT 


GGC 


AAC 


CAG 


TTC 


CAA 


AAG 


GCT 


GAA 


ACC 


ATC 


CCT 


GTC 


CTC 


CAT 


GAG 


ATG 


ATC 


CAG 


CAG 


ATC 


TTC 


AAT 


CTC 


TTC 


AGC 


ACA 


AAG 


GAC 


TCA 


TCT 


GCT 


GCT 


TGG 


GAT 


GAG 


ACC 


CTC 


CTA 


GAC 


AAA 


TTC 


TAC 


ACT 


GAA 


CTC 


TAC 


CAG 


CAG 


CTG 


AAT 


GAC 


CTG 


GAA 


GCC 


Y GTG ATA CI 


LG GC 


3G GTG G< 


3G 


CTG 


ACA 


GAG 


ACT 


CCC 


CTG 


ATG 


AAG 


GAG 


GAC 


TCC 


ATT 


CTG 


OCT 


GTG 


AGG 


AAA 


TAG 


TTC 


CAA 


AGA 


ATC 


ACT 


CTC 


TAT 


CTG 


AAA 


GAG 


AAG 


AAA 


TAC 


AGC 


CCT 


TCT 


GCC 


TGC 


GAG 


GTT 


GTC 


AGA 


GCA 


GAA 


ATC 


ATG 


AGA 


TCT 


TTT 


TCT 


TTG 


TCA 


ACA 


AAC 


TTG 


CAA 


GAA 


ACT 


TTA 


AGA 


AGT 


AAG 


GAA 










wherein 


X and T 


are 


nucleotide i 


trip: 


Lets 


coding 


for i 


amino 



acid residues %rith the proviso that at least one of the 
amino acid residues for which X and Y are coding is incapa- 
ble of participating in the formation of an intermolecular 
disulfide bond. 

In particular, the present invention provides a method 
of producing a double stranded DNA sequence encoding a 
polypeptide having interferon activity which comprises: 
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(a) cleaving a dsDNA containing a sequence encoding an 
interferon selected from a rIFN-a, a hybrid rlFN-a. 
rIFM-6 and rIFN-T with an endonuclease to produce a 
first dsDNA. fragment containing a nucleotide triplet 
g encoding a cysteine residue and one or more other 

cleavage fragments encoding the remainder of the inter- 



(b) separating the first dsDNA fragment from the other 
cleavage fragments encoding the remainder of the inter- 
feron: 

(c) preparing a dsDNA sequence corresponding to the separa- 
ted first fragment in which, however, the nucleotide 
triplet coding for the cysteine residue has been repla- 
ced by a nucleotide triplet coding for an amino acid 
residue which is incapable of participating in the 
formation of an intermolecular disulfide bond, said 
dsDNA sequence having ends complementary to the ends of 

20 dsDNA sequence (s) encoding the remainder of the 

interferon: and 

(d) ligating said dsDNA sequences in the proper orientation 
to yield a dsDIA sequence coding for a modified IFN. 

25 

The dsDNA encoding an rIFN which is cleaved in step (a) 
above can be conveniently obtained from an expression or 
cloning vector containing the IFN structural gene. As a 
source of dsDNA to serve as a starting material from which 

3Q to prepare the dsDNA encoding rIFN-aA(61y 1) and 

rIFN-aA(61y 1, Ser 98), plasmid pL 31 was employed. This 
plasmid, derived from pBR322. contains a 1160 base pair 
(b.p.) insert encoding a trp promoter-operator, a ribosome 
binding site, an ATG translation initiation signal, the 

32 structural gene encoding the amino acid sequence of 
rlFN-oA (depicted in Fig. 1) and an untranslated 
3 ' -sequence following the stop codon (Goeddel et al.« 
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Nature 287 . 411 [1980]). 

THe endonucleases wHicli can be used to cleave the dsDNA 
in step (a) are well known to those familiar with recombi-- 
g nant DM& technology, ifhich particular endonuclease is used 
will depend on the particular rIFN gene involved and the 
particular cysteine residue(s) to be replaced. It is well 
within the Icnowledge of the skilled worker to identify 
appropriate cleavage sites and to select a suitable endo- 
nuclease. The reaction conditions under which th0 cleavage 
reactions take place, as well as the methods for separating 
and purifying the fragments, are well known in the art. 

In the preparation of a dsDMA sequence encoding 
rIFM-aA(61y 1). advantage was taken of the existence of a 
Sau 3AI recognition site so that it is possible to cleave 
the structural gene for rlFN-oA immediately following the 
nucleotide triplet coding for cysteine at position 1 and to 
separate this codon from the remainder of the structural 

20 



30 



The procedure which was employed to produce a dsDNA 
encoding rIFN-aA(Gly 1) can be described as follows, with 
specific reference to Fig. 2. The plasmid pL 31, which con- 
tained the structural gene for rlFN-oA. was digested 
completely with Pst I and partially with Sau 3AI, An 854 
b.p. fragment was isolated. The coding strand of this frag- 
ment, beginning at the Sau 3AI site contained the full DNA 
sequence encoding rlFN-oA except the TGT codon for 
cysteine at position 1 and terminated at the Pst I site 360 
bases beyond the TGA stop codon. 



^® 5 "-end of the rlFN-oA gene thus removed was 
replaced by ligating the 854 b.p. segment with the synthe- 
^g tic oligodeozynucleotide 
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EcoRI Sau 3AI 

3 1 |gtaccc6ctag| 

Wherein tHe GGC-codon coding for glycine replaces the 
TGT-codon coding for the cysteine residue in the unmodified 
rlPN-oA gene. The 865 b.p. dsDNA thus produced contained 
the sequence encoding rIPN-ciA(Gly 1) and terminated with 
an Eco RI site at the 5 '-end of the coding strand and with 
a Pst I site at the other end. 

In order to modify the rIFN gene to replace an internal 
cysteine residue, e.g. the cysteine residue at position 98 
of rlFN-oA or IFN-aA(Gly 1). the dsDNA encoding the 
rIFN can be cleaved at a first endonuclease cleavage site 
upstream (i.e. toward the 5 '-end of the coding strand) of 
the nucleotide triplet encoding the undesired cysteine and 
at a second endonuclease cleavage site downstream (i.e. 
toward the 3 '-end of the coding strand) of the nucleotide 
triplet encoding the undesired cysteine to isolate a frag- 
ment containing the undesired nucleotide triplet. The frag- 
ment containing the undesired nucleotide triplet is separa- 
ted from the dsDMA encoding the remainder of the rIFN. A 
synthetic dsDNA sequence is prepared which corresponds to 
the removed segment except that the nucleotide triplet 
encoding cysteine is replaced by a nucleotide triplet enco- 
ding a different amino acid residue, preferably serine. 
This synthetic dsDNA sequence is then ligated in the proper 
orientation to the dsDNA encoding the remainder of the rIFN 

If it is desired to delete two internal cysteine resi- 
dues which are sufficiently close together, this may be 
done by cleaving the gene at a first endonuclease cleavage 
site upstream of the nucleotide triplet encoding the first 
undesired cysteine residue and at a second endonuclease 
cleavage site downstream of the nucleotide triplet encoding 
the second undesired cysteine and replacing the segment 



10 



0128^67 

• - 16 - 

ZhXis removed with, a corzespondin? sytitlietic dsDNA sequence 

encoding an amino acid sequence in wnicb. botlx cysteines are 
replaced by different aiaino acids. 

With reference to Fig. 3 the following procedure to 
produce a dsDNA encoding rIFN-aA(61y 1* Ser 98) was used. 
The starting material employed was an 869 b.p. dsONA enco- 
ding rlFN-oACGly 1). Tills was the 865 b.p. dsDNA produced 
by the previously described procedure to which additional 4 
base pairs had been ligated to the 3 '-end in order to 
create a terminal Eco RI recognition site useful for inser- 
tion into an expression vector. This dsDNA was cleaved with 
Pvu II, resulting in a 273 b.p. segment containing the 
5 '-end of the coding strand for rlFN-oA (61y 1) and a 596 
b.p. segment containing the 3 '-end of the coding strand for 
rIFN-aA(61y 1) including the nucleotide triplet encoding 
cysteine at position 98. The 596 b.p. segment was partially 
digested with Hinf I to produce a 48 b.p. fragment contain- 
ing the nucleotide triplet encoding the cysteine at posi- 
tion 98 and a 548 b.p. fragment encoding the remainder of 
the 3 '-end. Two synthetic double stranded DKA. sequences 
(blocks I and II} were prepared to replace the 48 b.p. 
region of the following sequences: 

5 

3 ' GACTTACTG6ACCTTCG6TC6CACTAT 
Pvu II Block I 



20 



30 

Hinf I 

5 ' A6C6TGATACA6G6GGTGOGG6T6ACA6A6[ 



3 ' GTCCCCCACCCCCACT6TCTCTGA ( 



35 



Block II 
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THe AGC nucleotide triplet encoding serine in block II 
replaces the TGT triplet encoding cysteine in the deleted 
48 b.p. fragment. Block I was ligated to the 273 b.p- frag- 
ment and block II was ligated to the 548 b.p. fragment of 
the original structural gene. The resulting two fragments 
were then ligated via their 9-base long sticky ends to pro- 
duce an 869 b.p. dsDNA containing a coding strand which 
encoded rIFN-aA(61y !• Ser 98)* 

The dsDNAs encoding the novel polypeptides of the 
invention can be incorporated into an expression vehicle 
which can be used to transform a host microorganism for the 
purpose of expressing the novel polypeptides. Any of the 
known and commonly employed expression vectors may be used 
X5 for this purpose, particularly plasmidic expression vectors. 

Incorporation of the dsDNA into an expression vector 
can be achieved in accordance with methods well known in 
the art. The vector is first linearized by cutting it with 
20 an endonuclease at a cleavage site which is appropriately, 
positioned with respect to a promoter-operator sequence 
directing the expression of the inserted structural gene. 
The dsDNA encoding the novel polypeptide is then ligated at 
either end to the cleaved ends of the vector to recircula- 
25 rize the vector. Of course, the ends of the dsDNA insert 

must be complementary to the cleaved ends of the vector to 
allow ligation. If necessary, the dsDNA ends can be rende- 
red complementary by building up or cleaving back the ends, 
using known procedures, provided that the structural gene 
itself and the associated initiation and termination codons 
are left intact and that the gene remains in the proper 
positions and reading frame with respect to the promoter — 
operator sequence • 
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Accordingly, in accordance with the teachings of the 
present invention, there is provided a replicable plasmidic 
expression vehicle comprising: 
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(a) a replicon: 

(b) a promoter-operator sequence; 

(c) a DNA sequence encoding a ribosorae binding site inclu- 
ding a translation initiation signal and 

(d) a DNA. sequence, in phase with said promoter-operator 
sequence, coding for a polypeptide having interferon 
activity, said polypeptide comprising the amino acid 
sequence of an interferon selected from a rIFN-a, a 
hybrid rIFK-a, rIFN-B and rIFN-Y wherein/ however, 
at least one cysteine residue has been replaced by an 
amino acid residue which is incapable of forming inter- 
molecular disulfide bonds, including a translation ter- 
mination signal. 

Any of the Icnown plasmidic expression vectors can be 
employed in the preparation of the replicable plasmidic 
expression vehicle of this invention. Preferably plasmid 
pRC 23 can be employed, an expression vector which is deri- 
ved from pBR 322 and contains the promoter-operator 
sequence (Bernard, H.tT. and Helinski, D.H., Methods in 
Enzymology £8, 482). Details concerning the construction of 
the cloning and expression vector pRC 23 can be obtained 
from European Patent Application No. 83106730.1. In this 
vector « the strong P^ promoter is controlled by the cl 
repressor. The gene coding for the repressor carries a 
mutation which renders the repressor temperature-sensitive. 
At 30^C the repressor functions normally and from about 
37''C to about 42<*C it is inactivated. Thus the P^-promo- 
ter is repressed (turned off) at 30'*C and depressed (turned 
on) at 42^C. The ability to control the P^-promotef 
allows one to grow the culture at about 30-36'*C without 
expression of the gene product and then to raise the tempe- 
rature to about 37-42^C to produce the desired gene pro- 
duct. Plasmid pRC 23 is designed to accept dsDNA sequences 
which terminate in Eco RI recognition sites. Accordingly, 
the 869 b.p. dsDNA sequences previously mentioned, which 
encode either rIFN-aA(61y 1) or rIFN-aA(Gly 1, Ser 98) 
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and terminate in Bco RI recognition sites at either end. 
can be inserted directly into pRC 23 which has been linea- 
rized by cleavage with Bco RI. Ligation is carried out 
under known conditions using a known ligase. e.g, T4 DNA 
ligase. 

The replicable plasmidic expression vehicle is used to 
transform a microorganism* preferably E. coli, to produce a 
transformant which is capable of expressing the polypeptide 
of the invention. Transformation can be conveniently 
carried out using known procedures such as treating the 
host cells %rith CaCl^ at about 4*C. The transformed 
microorganism can be grown up under known fermentation con- 
ditions and the novel polypeptide expressed in the micro- 
organism. The polypeptide is then recovered, for example, 
by lysing the cells and purified by known techniques. Puri- 
fication can preferably be effected by immunoaf f inity chro- 
matography on a column with monoclonal antibodies to the 
corresponding parental rIFN which are bound to a solid 
support. A suitable monoclonal antibody which can be used * 
in the purification of rIFN-aA(Gly 1) or rIPN-aA(Gly 1. 
Ser 98) is described, e.g.. by Staehelin et al. in Journal 
of Biological Chem. 256 , 9750 (1981). 

When the expression vector employed to produce the 
replicable plasmidic expression vehicle is pRC 23. the 
resultant transformant microorganism can be grown up to a 
desired density at a temperature of 30»c and the tempera- 
ture can then be raised to about 42»C to inactivate the 
repressor protein and initiate expression. 

The following examples illustrate but do not limit the 
present invention. Unless otherwise stated, all parts and 
percents are by weight and all temperatures are centigrade. 
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Preparat ion of glFN-oAfSlv \) 

(*) Preparation of d aPNA Eneodlna rlFW-aA fSly i 

Plasnid PL 31 (6 Tig) containing the gene encoding 
rIFN-oa (Natnre 287, 411-416 [19803). was digested 
completely with Pst I and partially with San 3AI. Both 
digests were performed at 37»C using 20 units Pst I for 

1 hr. followed by 5 units of Satt 3AI for 5 min. in a 

20 111 reaction. The cleavage fragments were separated in 
a 1.5* agarose gel. A 854 b.p. fragment was isolated which 
began with the nucleotide triplet encoding Asp at position 

2 of the rlFM-oA and terminated at the Pst I site 360 
b.p. beyond the translation termination codon. 

Using the procedure of Hiyoshi et al. (Rucleic Acids 
Kes. 8. 5507-5517 £1980]) the synthetic oligodeoxynucleo- 



5* 

3 ' GTACCCGCTAG 



were prepared and the 5' ends phosphorylated. The phos- 
phorylated oligodeozynucleotides were ligated to the 
Sau 3A1 site of the truncated rlFN-oA DNA fragment 
(lOO ng) in a volume of 7 ul at 15«C for 16 hours in the 
presence of T4 ligase. After ligation, the ligase was in- 
activated by incubation at 70«C for lo min. and the DNA was 
digested with 50 units of Eco Rl and 10 units of Pst 1 for 
2 hours at 37-c in 20 ul in order to regenerate the 
"sticky ends-. The resultant 865 b.p. dsDNA fragment, which 
contained the coding sequence for rIFN-aA(61y i). had an 
Eco HI site at the 5 '-end and a Pst l site at the 3 '-end of 
the coding region. The fragment was purified through a 1.5% 
agarose gel and about 50 ng were recovered for cloning. 
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(b) Preparation of a Replicable Plasmidic Expression 
Vehicle for Producing rlFN-oA (Glv 1) 

Fig. 4 is a schematic representation of the procedure 
5 which was employed to prepare the expression vehicle. Me 

employed plasmid pRC 23 as the expression vector to prepare 
the replicable plasmidic expression vehicle for producing 
rIFN-aA(61y 1). As previously indicated, this plasmid vas 
derived from pBR 322 and contained a P^ promoter-opera- 

xo tor. since pRC 23 was designed to accept genes on an Eco RI 
restriction site, it was necessary to convert the 3' Pst I 
site of the 865 b.p. fragment to an Eco RI site. In order 
to have a snff icient amount of the fragment to perform the 
modification, we first cloned the 865 b.p. fragment, using 

X5 plasmid pBR 322. which contains a tetracycline resistance 

gene, as a cloning vector. We digested 500 ng of pBR 322 to 
completion at 37^C. with 10 units each of Eco RI and Pst I 
in a 20 Yil reaction. The linearized vector thus produced 
was purified through a 1.0% agarose gel. The 865 b.p. frag- 

20 ment encoding rlFN-oA (61y 1) (50 ng) was ligated with 

100 ng of the linearized pBR 322 using T4 ligase in 10 m1 
for 8 hours at IS'^C. After ligation, the mixture was incu- 
bated at 70^C for 10 min. and used to transform a competent 
MC 1061 strain of E. coli cells. The cells were plated out 

25 on LB agar containing 10 ii/ml of tetracycline and the 

tetracycline resistant colonies obtained from incubation at 
37^C were screened for the presence of the plasmid 
pBR 322/rIFN-aA (61y 1). Plasmid screening was performed 
by the alkaline lysis procedure of Birnboim. B.C. and Doly. 

30 J. [Nucleic Acids Res. 7. 1513 (1979)]. 



Synthetic oligodeoxynucleotides having the sequences 



Eco RI 



Pst I 
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were prepared hy tlie procedure described by Hiyo8hi« et al. 
[Nucleic Acids Res. 5507-5517 (1980)] and phosphorylated 
%ritli ATP in the presence of polynucleotide kinase at the 5» 
ends. 

The plasaid pBR 322/rlFN-aA(61y 1) (200 ng). which 
contained the 865 b.p. insert encoding rIFN-aA(61y 1), 
was digested to completion with 20 units of Pst I at 37«c 
for 1 hour and the linearized vector was purified through a 
1.0% agarose gel and recovered from the gel. The synthetic 
oligodeozynucleotides (50 ng each) were ligated to 200 ng 
of the linearized vector in a volume of 5 |l1 at I5«c for 
16 hours. After ligase inactivation, the resultant dsDMA 
was digested with 50 units of Eco HI for 3 hours at 37*C. A 
869 b.p. fragment encoding rIFN-aA(61y 1) and terminating 
in an Eco RI site at either end, was purified on 1-0% aga- 
rose gel and recovered for cloning into the Eco RI site of 
PRC 23. 

About 500 ng of pRC 23 was digested to completion with 
10 units of Eco RI at 37»C for 1 hour in 20 itl. There was 
added 1 itg of calf intestinal alkaline phosphatase to 
dephosphorylate the Eco RI ends of the plasmid and incuba- 
tion was continued for an additional 30 min. The reaction 
was termiziated by heating at 68»C for 10 min. and the line- 
arized vector was purified through a 1.0% agarose gel and 
recovered. The linearized vector (100 ng) was ligated with 
50 ng of the 869 b.p. fragment encoding rIFN-aA(61y 1) in 
10 vJ. at 15«C for 10 hours to produce the replicable 
plasmidic expression vehicle pRC 23/rIFN-aA(Gly 1). 

(c) Preparation of Transfornant Containing pRC 23/rIFN-aA 
fglv 11 

The ligation mixture was used to transform an rfi 
strain of E. coli cells which contained the compatible 
plasmid pRK 248 cits as described by Bernard. H.U. and 
Helinski. D.R. [Methods in Enzymology. 68 . 482]. The compa- 
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tible plasmld encodes the production of the repressor pro- 
tein which recognizes and binds the operator portion of the 
Pj^ promoter-operator on pRC 23. The E. coli cells were 
transformed at 4»C for 30 min. in the presence of 50 mmol 
CaCl^. The cells were plated out at SO^C on LB agar con- 
taining ampicillin (50 ug/ml). The pRC 23 plasmid con- 
tains a gene for ampicillin resistance. After incubation 
the ampicillin resistant colonies were selected and scree- 
ned for the presence of the plasmid pRC 23/rIFN-aA 
(Gly 1) with the gene inserted in the proper orientation 
relative to the promoter. 

(d> Express ion and Purification of rlFN-oA (Glv 11 

A colony of transf ormants containing the plasmid 
pHC 23/rlPN-aA(Gly 1) and the compatible plasmid was 
grown up in 2 ml of LB agar containing ampicillin 
(50 itg/ml) at a temperature which was not allowed to 
exceed 30^C. When the ODg^^ of the culture reached 0.6. 
the temperature was raised to 42*C to inactivate the 
repressor protein and to initiate expression. After 2 hourB 
at 42«C the cells were harvested and lysed in 50 ixl of 7M 
guanidine-HCl at O^C for 10 min. Extracts were centrifuged 
for 5 min. at 12,000 g. The supernatant s were diluted 1:100 
for antiviral assay. 

The rIFN^aA(Gly 1) was extracted from E. coli cell 

paste using -an^-ex-traeHrcm-buffer containing 2M guanidine 

HCl. 2% Triton x 100, O.IM Tris-Cl. pH 7.5. f or-2-hours at _ 
4*c. The extraction mixture was diluted five-fold with cold 
distilled water, centrifuged at 10.000 x g for 1 hour and 
purified on a 1 x 2-cm immunoaf f inity chromatography 
column. The immunoaf f inity column was packed with 1.0 ml of 
agarose gel to which there was covalently bound approxima- 
tely 13 mg of a monoclonal antibody to rlFN-oA. Prepara- 
tion of the monoclonal antibody, identified as Li-8, is 
described by Staehelin et al. in J. Biol. Chem. . 256 . 9750 
(1981) . 
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The rIFN-aA(Gly 1) -containing extraction buffer 
(20 ml) was loaded onto the column, which was operated at a 
flow rate of l.o ml/min. or lees. The column was then 
sequentially washed with 5 bed-volumes each of the follo- 
5 wing solutions 

1. 0.286M guanidine-HCl: 0.286% Triton z-lOO; o.lM 
Tris-Cl« pH 7.5 

2. 0.5M NaCl; 0.2% Triton x-lOO; 0.025M Tris-Cl. 
pH 7.5 

10 3. l.OM sodium thiocyanate: 0.1% Triton x-lOO; 0.025M 

Tris-Cl. pH 7.5 
4. 0.15M NaCl; 0.1% Triton x-lOO. 
The rlFN-(iA(61y 1} was then eluted from the coluam using 
an elution solvent of 0.2K acetic acid, O.lSH NaCl and 0.1% 
X5 Triton x-lOO at pH 2. 5. 

The eluate from the immunoaf f inity chromatography 
column was tested for antiviral activity against vesicular 
stomatitis virus using the cytopathic effect inhibition 
20 test described by Familletti et al., supra. The specific 
activity of the eluate containing the rlFN-oA/Gly 1) was 
2 X 10 units/mg of protein, which corresponds to that of 

rlFM-oA. 

25 Prior to raising the temperature to 42*'C to initiate 

expression, an aliquot -of the culture containing the trans- 
, f ormants was set aside and stored in glycerol at 30®C. This 
aliquot was then grown up in a 10-*liter fermentor contain- 
ing LB agar containing ampicillin (50 ug/ml) at a teape- 

30 rature not exceeding 30*»C until the ODg^^ reached 4-5. 

The temperature was then raised to 42''C to initiate expres- 
sion. After the OD^qq reached about 12 (2-3 hrs.}, the 
rIFN-aA(61y 1) was recovered and purified in a manner 
similar to that described above for the 2-ml culture. The 

35 purified rIFN-aA(61y 1) obtained from the lO-liter cul- 
ture had an antiviral activity on MDBK cells of 3.3 x 10® 
(±, 0.76 X 10®} units/mg of protein. 
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The purified rIFN-aA(Gly 1) eluate from the immuno- 
affinity chromatography column was electrophoresed on 
sodium dodecylsulfate polyacrylamide gel under non-reducing 
conditions. While a sample of rlFN-oA. displayed bands 
corresponding to a slow-moving monomer, a fast-moving mono- 
mer, a dimer, a trimer and a tetramer a sample of 
rIFN-aA(61y 1) displayed only slow-moving monomer and a 
small amount of dimer. rIFN-aA(Gly 1) which has been neu- 
tralized to pH 7.0 shows an increase in the dimer from due 
to pH-dependent disulfide bond formation between cysteines 
at position 98. A sample of rIFN-aA(61y 1) neutralized to 
pH 7.0 and reduced with fi-mercaptoethanol demonstrates that 
the dimer is a result of disulfide bond formation. 

Example 2 

Prepara tion of rlFN-oA fGlv 1. Ser 981 

5a) Preparation of dsDNA Encoding rlFN-oA (Glv 1. Ser 981 
We prepared the dsDNA encoding rIFN-czA(Gly 1, Ser 98) 
by taking advantage of a Pvu II restriction site upstream 
of the nucleotide triplet in the rIFN-aA(Gly 1) gene 
encoding the cysteine at position 98 and a Hinf I restric- 
tion site downstream of this nucleotide triplet which sites 
are separated by 48 bases on the coding strand. 

Bef erring to Fig. 3, we employed as a starting material 
PRC 23/rIFN-aA(Gly 1) which contained the 869 b.p. insert 
of Example 1 encoding rlFN-oA (Gly 1). The 869 b.p. seg- 
ment was cleaved out of pHC 23 by digesting to completion 
with 20 units of Eco RI and 20 units of Pvu II fcr 2 hours 
at 37«C in 20 v.1. The 869 b.p. segment was itself clea\'ed 
at the Pvu II site just upstream of the nucleotide triplet 
encoding cysteine at position 98 in two fragments: a 272 
b.p. fragment containing the 5 '-end of the rIPN-aA(61y 1) 
gene and a 596 b.p. segment containing the 3 '-end of the 
gene including the nucleotide triplet encoding cysteine at 
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position 98. The 596 b.p. fragment vas partially digested 
with 5 units of Hinf I at 37«»c for 5 min. in 20 nl. 
Hinf 1 was then inactivated immediately at 70-c for 10 min. 
A 548 b.p. Hinf l-Bco HI fragment containing the 3 '-end of 
the riFN-oA (Gly l> gene was isolated and purified on 
1-5% agarose gel eliminating a 48 b.p. fragment containing 
the triplet encoding the cysteine at position 98- 

Using the procedure of Hiyoshi (supra) two double 
stranded synthetic oligodeoxynucleotides having a comple- 
mentary overlapping sequence at the 3 '-end of the coding 
strand of the first oligodeozynucleotide and the 5 '-end of 
the coding strand of the second oligodeoxynucleotide were 
prepared. When ligated at the complementary sequence, these 
two oligodeoxynudeotides produced a 48 b.p. insert which 
was identical to the 48 b.p. fragment cleaved out of the 
rlFN-oA(Gly 1) gene except that the nucleotide triplet 
encoding cysteine at position 98 was replaced by an AGC 
nucleotide triplet eiicoding serine. 

The two double stranded synthetic oligodeoxynudeotides 
had the following nucleotide sequences: 

5 

3 • GACTTACTGGACCTTCGQTCGCACTAT 
PVtt II Block I 



5' M^T6ATAGA66666T666G6T6ACAGA^Hinf I 

3 ' gtcccccacccccactgtctctga/ 

Block II 



Prior to annealing the individual strands together to 
produce the two double strands, the 5 '-ends were phosphocy- 
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lated with ATP using polynucleotide kinase to allow liga- 
tion. Block I (50 ng) was ligated to the Pvu II site of the 
273 b.p. cleavage fragment at the 5 '-end of the rlFN-oA- 
(Gly 1} gene (300 ng) for 16 hours at IS'^C in a 7 |l1 
5 reaction. Block II (50 ng) was then ligated to the Hinf I 
site of the 548 b.p. cleavage fragment at the 3' end of the 
rIFN-aA(61y 1) gene (100 ng) for 16 hours at 15"* C in a 
7 iLl reaction. The two dsDNA fragments produced by these 
ligations were then ligated to each other at the 9 b.p. 
1Q complementary overlapping portions of Block I and Block II 
for 16 hours at 15'»C. The resultant 869 b.p. dsDNA encoding 
rIFN-aA(61y 1, Ser 98) was isolated and purified on a 
1.5% agarose gel. The dsDNA had an Eco RI recognition site 
at either end. 

15 

(b) Preparation of a Reolicable Plasmidic Bxpressioa 
Vehicle for Producing rlFN^ciA fGlv 1. Ser 981 

Fig. 5 is a schematic representation of the procedure 
which was employed to prepare the expression vehicle. Plas- 

20 nid PKC 23 (500 ng) was digested to completion with 10 
units of Eco RI at 37^C for 1 hour in 20 ul- There was 
then added 1 iig of calf intestinal alkaline phosphatase 
and incubation was continued an additional 30 min. The 
reaction was terminated by heating at 68 «C for 10 min. and 

25 the linearized vector was purified through a 1.5% agarose 
gel and recovered. The linearized vector (100 ng) was liga- 
ted with 50 ng of the 869 b.p. fragment encoding rlFN-oA- 
(Gly 1. Ser 98) in 7 \lI for 10 hours at 15''C to produce 
the replicable plasmidic expression vehicle pRC 23/ 

3Q rlFN-aA(Gly 1, Ser 98). 

(c) Preparation of Transformant Ccntainino pRC 23/rIFN-aA 
(Glv 1. Ser 981 

The ligation mixture was used to transform an RRl 
35 strain of E. coli containing the compatible plasmid pRK 248 
cits, encoding the production of the temperature-sensitive 
repressor protein which recognizes and binds the operator 
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sequence of P^^ pcoooter-operator on pEC 23. The E. coli 
cells were transforaed at for 20 min. in tHe presence 
of so nnol CaCl^. Aapicillin resistant colonies resulting 
from overnight incubation at 30-c on LB plates were selec- 
ted and inoculated into 2-ib1 cultures of LB agar containing 
ampicillin (50 ug/ml). Colonies containing the recombi- 
nant plasmid PRC 23/rIPN-oA(Gly l. ser 98) with the gene 
inserted in the proper orientation relative to the P 
promoter were selected by screening with the alkaline lysis 
method of Birnboim (supra) . 

fd) Bxpreaaion and Purification of ylFM-«tA (Glv i. ser 98 

A colony of tcansformants containing the plasmid 
PRC 23/rIPN-oA(Gly 1. Ser 98) and the compatible plasmid 
was grown up in 10 liters of LB agar and ampicillin 
(50 itg/ml) at a temperature which was not allowed to 
exceed 30«c. Hhen the 00^^^* of the culture reached 0.6. 
the temperature was raised to 42«»c to inactivate the 
repressor protein and initiate expression. After 2 hours at 
42»C the cells were harvested and lysed. 

The tlPN-oA(Gly 1. Ser 98) was extracted from E. coli 
cell paste using 4 volumes of the buffer of Example 1(d) 
and purified on ai 1.6 x 5.0-cm immunoaf f inity chromatogra- 
phy column. The immunoaff inity chromatography column was 
packed with 10 ml of agarose gel to which there was cova- 
lently bound approximately 130 mg of a monoclonal antibody 
to rlFH-oA. Preparation of the monoclonal antibody, iden- 
tified as Li-8. is described by Staehelin et al. in J, 
Biol. Chem. . 256 . 9750 (1981). 

The rlFN-aA(Gly 1. Ser 98)-containing extraction 
buffer (5.000 ml) was loaded onto the column, which was 
operated at a flow rate of 5.0 ml/min. or less. The column 
was then sequentially washed with 5 bed-volumes of the same 
washing solutions alloyed in Example 1(d). The rlFN-<zA- 
(Giy 1. ser 98) was then eluted from the column using the 
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same elutlon solvent as in Example l(d}. 
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The eluate from the immunoaff inity chromatography 
column was tested for antiviral activity against vesicular 
stomatitis virus using the cytopathic effect inhibition^ 
test described by Familletti (supra). The specific activity 
of the eluate containing the rIFN-aA(61y 1« Ser 98) was 

o 

'2 z 10 units/mg of protein* which corresponds to that of 
rlFN-oA. 



The purified rIFN-aA.(61y 1« Ser 98) eluate from the 
immunoaf f inity chromatography column was electrophoresed on 
sodium dodecylsulf ate polyacrylamide gel under non reducing 
conditions. While the sample of rIFN-aA(Gly l, Ser 98) 
15 displayed a single band of monomer ic interferon a sample of 
rlFN-oA displayed bands corresponding to the monomer, a 
dimer. a trimer and higher oligomers. 
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CLAIMS : 

1. A polypeptide having interferon activity characteri- 
zed in that its amino acid sequence corresponds to the 

5 amino acid sequence of an interferon selected from a 
rIFN-a, a hybrid rlFN-a, rIFN-B and rIFN-Y wherein, 
however* at least one cysteine residue has been replaced by 
an amino acid residue which is incapable of forming an 
intermolcecular disulfide bond. 

10 

2. A polypeptide as claimed in claim 1 which is a 
riFM-a or a hybrid rIFN-a in which the cysteine residue 
at position 1 has been replaced by a glycine residue. 

15 3, A polypeptide as claimed in claim 2 wherein the 

cysteine residue at position 98, 99 or lOO has been repla- 
ced by a serine residue. 

4. A polypeptide as claimed in claim 2 or 3 wherein 
20 said rIFN-a is rlFN-ocD or a hybrid rIFN-a containing 

a fragment of rlFH-oD including the cysteii^ residue at 
position 86 and wherein said cysteine residue at position 
86 has been replaced by a serine residue. 

25 5. A polypeptide of the formula 

ASP LEU PEO GLN THR HIS SBR LEU GLY SEE AEG AEG 
THE LEU MET LEU LEU ALA GLN MET ARG LYS ILE SER 
LEU PHE SER CYS LEU LYS ASP ARG HIS ASP PHE GLY 
30 PHE PRO GLN GLU GLU PHE GLY ASN GLN PHE GLN LYS 

ALA GLU THR ILE PRO VAL LEU HIS GLU MET ILE GLN 
GLN ILE PHE ASN LEU PHE SER THR LYS ASP SER SER 
ALA ALA TRP ASP GLU THR LEU LEU ASP LYS PHE TYR 
THR GLU LEU TYR GLN GLN LEU ASN ASP LEU GLU ALA — 

35 



I 



p3^28467 



15 



- 31 - ES 4100 

— VAL ILE ^LN GLY VAL GLY VAL THE GLU THR PRO 
LEU MET LYS GLU ASP SEE ILE LEU ALA VAL ARG LYS 
TYR PHB GLM ARG ILE THE LEU TYR LEU LYS GLU LYS 
LYS TYR SER PRO CYS ALA TRP GLU VAL VAL ARG ALA 
5 GLU ILE MET ARG SER PHB SER LEU SER THR ASN LEU 

GLN GLU SER LEU ARG SER LYS GLU 

1 2 

Wherein R and R are amino acid residues with the 

1 2 

proviso that at least one of R and R is an amino acid 
1Q residue which is incapable of participating in the forma- 
tion o£ an intermolecnlar disulfide bond. 

6« A polypeptide as claimed in claim 5 wherein R^ is 
2 

Gly and R is Cys. 

7. A polypeptide as claimed in claim 5 wherein R^ is 

2 

Gly and R is Ser. 

8. A polypeptide as claimed in claims 1-7 wherein the 
20 first amino acid of the complete sequence is missing. 

9. A polypeptide as claimed in claims 1-7 with an addi- 
tional methionine residue as the amino terminus of the 
amino acid sequence. 

2S 

10. Pharmaceutical compositions comprising a major pro- 
portion of a polypeptide with interferon activity* in mono- 
meric form said polypeptide having an amino sequence 
corresponding to that of an interferon selected from a 

3Q rIFN-a, a hybrid rIFN-a, rIFN-B and rIFN-Y in which. 

however, at least one cysteine residue has been replaced by 
an amino acid residue which is incapable of forming inter- 
molecular disulfide bonds, said composition being essen- 
tially free of oligomeric forms of the polypeptide of 

35 higher aggregation than the dimer. 
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11. A compositioa as claimed in claim 10 wherein the 
polypeptide is a polypeptide as claimed in any one of 
claims 2-9. 

5 12. A pharmaceutical composition as claimed in claims 

10 or 11 with antiviral activity. 

13. A double stranded DNA sequence comprising a coding 
strand and a complementary strands said coding strand enco- 

10 ding a polypeptide with interferon activity having an amino 
acid sequence corresponding to that of an interferon selec- 
ted from a rIFN-a. a hybrid rIFN-a. rIFN-fl and rlFN-y 
in which, however, at least one cysteine residue has been 
replaced by an amino acid residue which is incapable of 

15 forming intermolecular disulfide bonds. 

14. A double stranded DNA sequence as claimed in claim 
13 with a coding strand comprising the sequence 

20 2 GAT CTG CCT CAA ACC CAC A6C CT6 66T AGC HGG AG6 

ACC TTG ATG CTC CTG GCA CAG ATG AGG AAA ATC TCT CTT 
TTC TCC TGC TTG AAG GAC AGA CAT GAC TTT GGA TTT CCC 
CAG GAG GAG TTT GGC AAC CAG TTC CAA AAG GCT GAA ACC 
ATC CCT GTC CTC CAT GAG ATG ATC CAG GAG ATC TTC AAT 

25 CTC TTC AGC ACA AAG GAC TCA TCT GCT GCT TGG GAT GAG 

ACC CTC CTA GAC AAA TTC TAC ACT GAA CTC TAC CAG CAG 
CTG AAT GAC CTG GAA GCC Y GTG ATA CAG GGG GTG GGG 
GTG ACA GAG ACT CCC CTG ATG AAG GAG GAC TCC ATT CTG 
GCT GTG AGG AAA TAC TTC CAA AGA ATC ACT CTC TAT CTG 

30 AAA GAG AAG AAA TAC AGC CCT TGT GCC TGC GAG GTT CTTC 

AGA GCA GAA ATC ATG AGA TCT TTT TCT TTG TCA ACA AAC 
TTG CAA GAA AGT TTA AGA AGT AAG GAA 

%rtierein X and T are nucleotide triplets coding for amino 
35 acid residues with the proviso that at least one of the 

amino acid residues for which X and Y are coding is incapa- 
ble of participating in the formation of an intermolecular 
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disulfide bond. 



15. A double stranded DMA sequence as claimed in claim 

14. wherein X is a nucleotide triplet encoding a glycine 
5 residue. 

16. A double stranded DNA sequence as claimed in claim 
14. vnerein X is tbe nucleotide triplet GGC. 

lO 17. A double stranded DNA sequence as claimed in claim 

14 or 15. wherein T is a nucleotide triplet encoding a 
serine residue. 

18. A double stranded DMA sequence as claimed in claims 
15 14 to 17 « Wherein Y is the nucleotide triplet A6C. 

19. A replicable plasmidic expression vehicle compri- 
sing: 

20 a replicon: 

(b) a promoter-operator sequence: 

(c) a DMA sequence encoding a ribosome binding site inclu- 
ding a translation initiation signal and 

(d) a DMA sequence, in phase with said promoter-operator 
2s sequence, coding £or a polypeptide having interferon 

activity, said polypeptide comprising the amino acid 
sequence of an interferon selected from a rIFM-a. a 
hybrid rIFM-a. rIFN-B and rIFM-Y wherein, however, 
at least one cysteine residue has been replaced by an 
3Q amino acid residue which is incapable of forming inter- 

molecular disulfide bonds, and a translation termina- 
tion signal. 



35 



20. A replicable plasmidic expression vehicle as clai 
med in claim 19. wherein the polypeptide which is encoded 
is as claimed in any one of claims 2-8. 
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21. A replicable plasmidic expression vehicle as clai- 
med in claim 19. wherein the coding strand of the DNA 
sequence encoding the pol3rpeptide. reading from the 5- end. 
comprises a sequence as claimed in any one of claims 14-18. 

22. - A transformant microorganism comprising a host 
microorganism which has been transformed with a replicable 
plasmidic expression vehicle as claimed in any one of 
claims 19-21. 

23. A transformant microorganism as claimed in claim 22 
wherein the host microorganism is E. coli. 

24. A process for producing a double stranded (da) DNA 
sequence encoding a polypeptide having interferon activity 
and the amino acid sequence of an interferon selected from 
a rIPN-tt, a hybrid rIFN-a. rlFN^-B and rIFN-Y wherein, 
however, at least one cysteine residue has been replaced by 
an amino acid residue which is incapable of forming an 
intermolecular disulfide bond which process comprises 

Ca) cleaving a dsDMA containing a sequence encoding an 
interferon selected from a rIFN-a, a hybrid rIFK-a. 
rlPH-B and rlFM-y with an endonuclease to produce a 
first dsDNA fragment containing a nucleotide triplet 
encoding a cysteine residue and one or more other 
cleavage fragments encoding the remainder of the inter- 
feron; 

(b) separating the first DHA cleavage fragment containing 
the nucleotide triplet encoding the cysteine from the 
other cleavage fragments encoding the remainder of the 
interferon; 

(c) preparing a dsDNA sequence corresponding to the separa- 
ted first fragment in which, however, the nucleotide 
triplet coding for the cysteine residue has been repla- 
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ced by a nucleotide triplet coding for an amino acid 
residue which is incapable of forming an intermolecnlar 
disulfide bond, said dsDNA sequence 
having ends complementary to the ends of the ds DNA 
sequence (8) encoding the remainder of the interferon: and 

(d) ligating said dsDNA sequences in the proper orientation 
to yield a dsDNA coding for said modified interferon. 

25. A process as claimed in claim 24 wherein the coding 
strand comprises the sequence 

X GAT CTG CCT CAA ACC CAC AGC CTG GGT AGC AG6 AGG 
ACC TTG ATQ CTC CTG GCA CAG ATG AGG AAA ATC TCT CTT 
TTC TCC TGC TTG AAG GAC AGA CAT GAC TTT GGA TTT CCC 
CAG GAG GAG TTT GGC AAC CAG TTC CAA AAG GCT GAA ACC 
ATC CCT GTC CTC CAT GAG ATG ATC CAG CAG ATC TTC AAT 
CTC TTC AGC ACA AAG GAC TCA TCT GCT GCT TGG GAT GAG 
ACC CTC CTA GAC AAA TTC TAC ACT GAA CTC TAG CAG CAG 
CTG AAT GAC CTG GAA GCC Y GTG ATA CAG GGG GTG GGG 
GTG ACA GAG ACT CCC CTG ATG AAG GAG GAC TCC ATT CTG 
GCT GTG AGG AAA TAC TTC CAA AGA ATC ACT CTC TAT CTG 
AAA GAG AAG AAA TAC AGC CCT TGT GCC TGC GAG GTT GTC 
AGA GCA GAA ATC ATG AGA TCT TTT TCT TTG TCA ACA AAC 
TTG CAA GAA AGT TTA AGA AGT AAG GAA 

Wherein Z and Y are nucleotide triplets coding for amino 
acid residues with the proviso that at least one of the 
amino acid residues for which X and Y are coding is incapa- 
ble of participating in the formation of an intermolecnlar 
disulfide bond. 

26. A process as claimed in claim 25 wherein X is a 
nucleotide triplet encoding a glycine residue. 

27. A process as claimed in claim 25 wherein X is the 
nucleotide triplet GGC. 



0128467 

- 36 - ES 4100/36 

28* A process as claimed in claim 25 oc 26 whecein T is 
a nucleotide triplet encoding a serine residue. 

29. A process as claimed in any one o£ claims 25 to 28 
g wherein Y is the nucleotide triplet AGC. 

30. A process for the preparation of a polypeptide 
having interferon activity and the amino acid sequence of 
an interferon selected from a rIFN-a, a hybrid rIFN-a. 
rIFN-B and rlFN-r wherein^ however, at least: one cysteine 
residue has been replaced by an amino acid residue which is 
incapable of forming an intermolecular disulfide bond which 
process comprises culturing a host transformed by an 
expression vehicle containing a DNA sequence as defined in 
any one of claims 25-29 « causing the host to express said 
polypeptide and recovering said polypeptide. 

* • 

31. A process as claimed in claim 30 wherein said host 
is E. coli. 

20 
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CLAIMS; ( iiustria ) 

1. A process for producing a double stranded (ds) DNA 
sequence encoding a polypeptide having interferon activity 
5 and the amino acid sequence of an interferon selected from 
a rIFN-a. a hybrid rlFN-a« rIFN-fi and rIFN-Y wherein, 
however, at least one cysteine residue has been replaced by 
an amino acid residue which is incapable of forming an 
intermolecular disulfide bond which process comprises 

10 

(a) cleaving a dsDNA containing a sequence encoding an 
interferon selected from a rIFN-a, a hybrid rIFK*-<i. 
rIFN-fi and rlFN-Y with an endonuclease to produce a 
first dsDNA fragment containing a nucleotide triplet 
15 encoding a cysteine residue and one or more other 

cleavage fragments encoding the remainder of the inter- 
feron; 

separating the first DMA cleavage fragment containing 
the nucleotide triplet encoding the cysteine from the 
other cleavage fragments encoding the remainder of the 
interferon: 

(c) preparing a dsDNA sequence corresponding to the separa- 
ted first fragment in which, however, the nucleotide 
triplet coding for the cysteine residue has been repla- 
ced by a nucleotide triplet coding for an amino acid 
residue which is incapable of forming an intermolecular 
disulfide bond, said dsDNA sequence having ends comple- 
mentary to the ends of the dsDNA sequenceCs} encoding 
the remainder of the interferon: and 



(b) 

20 




(d) ligating said dsDNA sequences in the proper orientation 
to yield a dsDNA coding for said modified interferon. 

35 

2. A process as claimed in claim 1 wherein the coding 
strand comprises the sequence 



X GAT CTG CCT CAA ACC CAC AGC CTG GGT AGC AGG AGG 
ACC TTG ATG CTC CTG GCA CAG ATG AGG AAA ATC TCT CTT 
TTC TCC TGC TTG AAG GAC AGA CAT GAC TTT GGA TTT CCC 
CAG GAG GAG TTT GGC AAC CAG TTC CAA AAG GCT GAA ACC 
5 ATC CCT GTC CTC CAT GAG ATG ATC CAG CAG ATC TTC AAT 

CTC TTC AGC ACA AAG GAC TCA TCT GCT GCT TGG GAT GAG 
ACC CTC CTA GAC AAA TTC TAC ACT GAA CTC TAC CAG CAG 
CTG AAT GAC CTG GAA GCC Y GTG ATA CAG GGG GTG GGG 
GTG ACA GAG ACT CCC CTG ATG AAG GAG GAC TCC ATT CTG 
10 GCT GTG AGG AAA TAC TTC CAA AGA ATC ACT CTC TAT CTG 

AAA GAG AAG AAA TAC AGC CCT TGT GCC TGC GAG GTT GTC 
AGA GCA GAA ATC ATG AGA TCT TTT TCT TTG TCA ACA AAC 
TTG CAA GAA AGT TTA AGA AGT AAG GAA 

15 wherein X and Y are nncleotide triplets coding for amino 
acid residues vith the proviso that at least one of the 
amino acid residues for which X and Y are coding is incapa- 
ble of participating in the formation of an intermolecular 
disulfide bond. 

20 

3. A process as claimed in claim 2 wherein X is a nuc- 
leotide triplet encoding a glycine residue. 

4. A process as claimed in claim 2 wherein X is the 
25 nucleotide triplet GGC. 

5. A process as claimed in claim 2 or 3 wherein Y is a 
nucleotide triplet encoding a serine residue. 

30 6. A process as claimed in any one of claims 2 to 5 

wherein Y is the nucleotide triplet AGC. 

7- A process for the preparation of a polypeptide 
having interferon activity and the amino acid sequence of 
35 an interferon selected from a rIFN-a. a hybrid rlFN-a. 

rIFN-fl and rlFN-y wherein, however, at least one cysteine 
residue has been replaced by an amino acid residue which is 
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incapable of forming an intermolecular disulfide bond which 
process comprises culturing a host transformed by an 
expression vehicle containing a DNA sequence as defined in 
any one of claims 2-6 « causing the host to express said 
5 polypeptide and recovering said polypeptide. 

8. A process as claimed in claim 7 wherein said host is 
E» coli. 
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EcoRI Sau3AI 

iMTTC ATG TGT 'rGAT. CTG CCT CAA ACC CAC AGC CTG GGT AGC AGG AGG 
: MET Cys Asp Eeu Pro Gin Thr His Ser Leu Gly Ser Arg Arg 
^ 10 

ACC TTG ATG CTC CTG GCA CAG ATG AGG AAA ATC TCT CTT TTC TCC TGC 
Thr Leu MET Leu Leu Ala Gin MET Arg Lys lie Ser Leu Phe Ser Cys 

20 

TTG AAG GAC AGA CAT GAC TTT GQA TTT CCC CAG GAG GAG TTT GGC AAC 
Leu lys Asp Arg His Asp Phe Gly Phe Pro Gin Glu Glu Phe Gly Asn 
30 40 

CAG TTC CAA AAG GOT GAA ACC ATC CCT GTC CTC CAT GAG ATG ATC CAG 
Gin Phe Gin Lys Ala Glu Thr lie Pro Val Leu His Glu MET lie Gin 

50 60 

CAG ATC TTC AAT CTC TTC AGC ACA AAG GAC TCA TCT GOT OCT TOO GAT 
Gin lie Phe Asn Leu Phe Ser Thr Lys Asp Ser Ser Ala Ala Trp Asp 

70 

» Pvull 
GAG ACC CTC CTA GAC AAA TTC TAC ACT GAA CTC TAC CAG -CAG CTG AAT 
Glu Thr Leu Leu Asp Lys Phe Tyr Thr Glu Leu Thr Gin* Gin Leu Asn 

oO go 
_ , _ ___ ^ . . Hlnf I 

GAC CTG GAA GCC TGT GTG ATA CAG GGG GTG GGG GTG ACA GAG: ACT CCC 
Asp Leu Glu Ala Cys Val He Gin Gly Val Gly Val Thr Glu'*iiir* Pro 

100 

CTG ATG AAG GAG GAC TCC ATT CTG GCT GTG AGG AAA TAC TTC CAA AGA 
Leu MET I^rs Glu Asp Ser He Leu Ala Val Arg Lys Tyr Phe Gin Arg 

120 

ATC ACT CTC TAT CTG AAA GAG AAG AAA TAC AGC CCT TGT GCC TGG GAG 
He Thr Leu Tyr Leu Lys Glu Lys Lys Tyr Ser Pro Cys Ala Trp Glu 

130 140 

GTT GTC AGA OCA GAA ATC ATG AGA TCT TTT TCT TTG TCA ACA AAC TTG 
Val Val Arg Ala Glu He MET Arg Ser Phe Ser Leu Ser Thr Asn Leu 

150 

CAA GAA AGT TTA AGA AGT AAG GAA TGA 
Gin Glu Ser Leu Arg Ser lys Glu 
160 
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riFN- -tA IGlyll 

I fViiff 
I Ofgesttofi 




273 bp 



UflOtiOQ 



ICTaAATQACCTGQAAOCC 
•OACraCTGOACCTTi 



CCCTCQCACIAT 






543 bp 



Ligation 

I iSSinOATACACCCCaTCOOQOTQACAOAGltt^t 
I 6TCCCCCACCCCCACTGTCTCT03 



AfiCOTQATA 






869 bp 
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